INTRODUCTION
Signaling components of the antigen receptor complexes on the surface of B cell progenitors (pre-BCR) and B cells (BCR) are necessary for the developmental progression of Blymphocytes (1) (2) (3) (4) (5) . BCR engagement rapidly induces an array of signal cascades, particularly the activity of three non-receptor protein tyrosine kinase families (PTKs) including members of Src (Lyn, Fyn and Blk), ZAP-70 (Syk) and Tec (Btk) (6) (7) (8) (9) . Functional deficiencies in any one of these three family members of PTKs result in defective or aberrant function and impaired development of B cells (10) (11) (12) . Although various signal molecules have been shown to be necessary for proper development and function of B cells, the effects of these distinct signaling outputs on nuclear target molecules remain to be elucidated. In fact, gene-targeting studies indicate that the developmental progression of B cells is critically dependent on the activity of various transcription factors, which bind to promoter and enhancer elements of immunoglobulin (Ig) genes (Heavy and Light chains) suggesting a link between the signal transduction and transcription factors during B-cell development (13) (14) (15) (16) (17) (18) . The enhancer elements are implicated not only in regulation of the expression of Ig genes, but also involved in somatic-rearrangement and hypermutation of the same genes (19) (20) (21) . In fact, disruptions with the κE3'-enhancer results in loss of tissue and developmental stage specific rearrangement of kappa (κ) light chain genes (19) .
AKT signal induces PU.1 activity 7 fragment into a blunt-end Hind III site of pT81-Luc. The PU.1 deletion mutants, ∆2-30, ∆33-74 and ∆75-100 were constructed by isolating them from PURI plasmids (42) by EcoRI and ligating them into the EcoRI site of an expression plasmid pCB6 + containing the CMV promoter (kindly supplied by Frank Rausher, Wistar Institute, PA). The serine to alanine mutant, S41A
was isolated from Bluescript KS + by EcoRI digest and cloned into the EcoRI site of the pCB6 + expression vector, whereas serine to alanine substitution mutants including S37A, S45A, S41/45A and S37/41/45A were prepared by the overlap-extension PCR method (43) . Two substitute mutant primers were generated for each desired amino acid, one on the top strand and one on the bottom strand. The sequences of the mutant primers were as follows: F37, 5'-GACTACTACGCCTTCGTGGGC-3'; R37, 5'-GCCCACGAAGGCGTAGTAGTC; F45, 5'-GATGGAGAAGCCCATAGCGAT; 45R ATCGCTATGGGCTTCTCCATC. Two external primers containing EcoRI sites were also used, corresponding to the 5' and 3' ends of PU.1. The sequence of 5' and 3' end primers of PU.1 were, 5'-GCGGAATTCAGCTGGATGTTACAGGCG-3' and 5'-GCGGAATTCTCAGTGGGGCGGGAGGCG-3' respectively. Typically, the first PCR amplification was carried out with each mutant primer and corresponding external primer to generate two DNA fragments, each with a newly substituted amino acid. The amplified fragments were gel purified and subjected to the second PCR reaction in the presence of 5' and 3' external primers of PU.1 and full-length cDNAs were generated. The amplified products were digested with EcoRI and ligated into the EcoRI site of the pCB6 + expression plasmid.
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cDNA was used as a template to generate the S37A and S45A mutants. The S41/45A mutant was generated using S45A mutant primers and a plasmid containing S41A mutant cDNA as a template. Subsequently, the PU.1 mutant containing serine to alanine mutations S37/S41/45A was generated using S37A mutant primers and S41/45A PU.1 cDNA as a template during PCR amplification. DNA sequences of all inserts were determined to confirm the mutations and to verify no new mutations were introduced by PCR. hours, cells were harvested and luciferase activity was determined by reading in a luminometer.
The luciferase activities were corrected for transfection efficiency by using the β-galactosidase activities.
Metabolic Labeling and Immunoprecipitation:
Metabolic labeling and immunoprecipitation of PU.1 proteins was performed essentially as described previously (25 enhancer) was then added to the binding reaction and incubation was continued for an additional 25 mins. The bound complexes were separated on 4% non-denaturing polyacrylamide gels and exposed for autoradiography.
RESULTS

MEKK1 Potentiates the functional synergy between PU.1 plus PIP and c-Fos plus c-Jun:
Previous studies have demonstrated that the κE3'-enhancer requires multiple core binding proteins for its activity (25) . Such factors include c-Fos plus c-Jun, which binds to the κE3'-CRE site, PU.1 plus PIP which bind to PU.1 and PIP sites and E12/E47, which binds to the E2A site ( 
AKT Stimulation of PU.1 is Independent of its Interaction with PIP:
The above studies indicate that AKT signal greatly stimulates the activity of PU.1 plus PIP site when compared to MEKK1 and induces κE3'-enhancer activity in B lymphoid cells. Therefore, we focused to study the mechanism of AKT induction of PU.1 plus PIP site. Previous studies have demonstrated that phosphorylation of PU.1 at position S148 is necessary for recruitment of PIP to the κE3'-enhancer. Transcriptional activity of the enhancer is greatly reduced in the presence of a PU.1 mutant containing a serine to alanine mutation at position S148A apparently due to the inability of PU.1 S148A to recruit PIP to its adjacent DNA binding site (22, 23 (GFP-Myr AKT) or GFP alone were transduced into 70Z/3 cells (pre-B) and allowed to grow for 36 hrs in regular growth medium. FASC analysis indicated that nearly 90 percent of the cells were infected by retrovirus expressing GFP-Myr AKT or GFP alone. Cells were harvested, mini-nuclear extracts were prepared and subjected to gel electrophoretic mobility shift assays (EMSAs) using an oligonucleotide containing PU.1 and PIP binding sites as a probe.
Expression of GFP Myr AKT or GFP alone had no effect on the binding ability of PU.1 and yielded a shift complex of identical size when compared to the bound complex observed with the in vitro translated protein (Fig. 6) . Similarly, no significant difference in the binding Expression of wild type PU.1 caused a slight increase in activity of the reporter plasmid (Fig. 7) .
On the other hand, expression of the PU.1 mutant lacking the transactivation domain (∆33-100)
resulted in a loss of activity. This protein functioned in a dominant negative manner and blocked activity of the endogenous protein (65% loss). A weak activity observed by ∆33-100 may be due to its ability to interact with other factors (25) . Interestingly, the PU.1 mutant lacking the PEST region (∆PEST) did not interfere with the endogenous protein but rather caused a slight increase in the activity of the reporter plasmid in the presence of AKT (Fig. 7B ).
Previous studies suggest that PEST regions are involved in protein degradation. Therefore, it is should fail to respond to AKT. To examine this, serine to alanine PU.1 mutants S41A, S45A
and S41/45 were expressed with wild type AKT in S194 plasmacytoma cells in the presence of reporter plasmid M5.6. In addition, we prepared an S37A mutant. These residues (S37, S41
and S45) lie with a homology to the consensus sequence (SXXXS) for phosphorylation by IKKs (53) . Expression of PU.1 mutant S45A had no effect on AKT-mediated induction. However, expression of PU.1 mutant S41A greatly lowered the AKT induction while S37A showed a slight effect on induction of the reporter. Consistent with these studies, PU.1 mutants S41/45A
and S37/41/45 blocked AKT-mediated activation (Fig. 7B ). The differences in AKT induction by the PU.1 mutants is not due to differences in expression levels, because they were all expressed at comparable levels when transfected in 3T3 cells (Fig. 7C ). In addition, the loss of stimulation of PU.1 mutant S41A or S41/45 is not due to loss of PU.1 DNA binding, because these mutations are able to bind DNA and recruit PIP to the κE3'-enhancer (23) . These results suggest that AKT-mediated modification of PU.1 at amino acid residue S41 is important for its induction and mutation of this single amino acid residue (S41A) fails to respond to the AKT. fold increase in PU.1 activity. No increase in activity of the reporter alone was observed following BCR stimulation (Fig. 8) . These studies suggest that BCR signals target PU.1. We next examined whether PU.1 induction in response to BCR cross-linking is due to AKT signal. wortmannin, BCR-mediated PU.1 induction was blocked suggesting that PU.1 is a target for the PI3K dependent AKT signal (Fig. 8) .
Ligation of BCR stimulates
DISCUSSION
The results presented here indicate that the transcriptional activity of PU. The values represent mean of two independent assays. 
